A rapid polymerase chain reaction test was developed for specific identification of the human middle ear pathogen AUloiococcus otitis. Primers for the enzymatic amplification reaction were designed from highly specific sequences within the 16S rRNA gene. In addition, a confirmatory test based on hybridization of the polymerase chain reaction products to a specific internal probe was developed.
Otitis media with effusion in children is a frequent condition that may occur as acute or recurrent infection. Both forms are caused by the same array of etiological agents, e.g., Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella (Branhamella) catarrhalis, although their relative distribution varies in each type of otitis media with effusion. Significantly, an important proportion of the cases (20 to 50%) remains unaccounted for, particularly in chronic otitis media with effusion, owing to failure to recover bacteria from the cultures. Recently, Faden and Dryja (4) reported the isolation of a slowly growing, large, gram-positive coccus (often present in pairs or tetrads) from the middle ear fluid of children with persistent otitis media with effusion. Although the infections appeared asymptomatic when tympanocenteses were carried out, the bacterium was considered pathogenic owing to its occasional intracellular location and the presence of inflammatory cells. This fastidious organism phenotypically most closely resembled aerococci and streptococci. However, the bacterium differed from aerococci and streptococci in being catalase positive.
Recently, 16S rRNA sequencing studies have demonstrated that this newly recognized pathogen represents a distinct line of descent within the low-G+C gram-positive bacteria and has been named Alloiococcus otitis (1) . It has been implicated only in chronic otitis media.
rRNA sequence analysis is the most powerful method for determining the phylogenetic interrelationships of microorganisms. In recent years, there has also been considerable interest in the use of rRNA sequences for precise microbiological identification. The presence of characteristic "signatures" in the variable regions of rRNA molecules make them particularly suited for the design of highly specific oligonucleotide probes (2, 6, 9, 10, 12) . In this report, we describe the development of a polymerase chain reaction (PCR) method based on 16S rRNA for specific identification of the middle ear pathogen A. otitis. In addition, a confirmatory test based on hybridization of PCR products to a highly specific internal oligonucleotide probe is described.
Three A. otitis strains, NCFB 2890 (=UC 12635), UC 12634, and UC12633, were grown in Todd-Hewitt broth (Oxoid Ltd., Basingstoke, United Kingdom) supplemented with 5% horse serum at 37°C. Details of the reference strains used to assess the specificity of the identification system are given in Table 1 . Lactobacilli, leuconostocs, and pediococci * Corresponding author.
were cultivated in deMan Rogosa Sharpe broth (Oxoid Ltd.); aerococci, enterococci, lactococci, and streptococci were grown in yeast glucose phosphate broth (5), and staphylococci were grown in nutrient broth (Oxoid Ltd.); Gemella haemolysans was grown in Todd-Hewitt broth. All cultures were incubated at their optimum temperatures. DNA was extracted from late-exponential-phase cultures by the method of Pitcher et al. (8) . Cells from 10-ml cultures were sequentially incubated at 37°C for 30 min each with lysozyme (5 mg/ml), proteinase K (5 mg/ml)-20% sodium dodecyl sulfate (SDS), and RNase (5 mg/ml). The samples were then treated with 0.5 ml of GES reagent (5 M guanidium thiocyanate, 100 mM EDTA, 0.5% Sarkosyl) and 0.25 ml of ammonium acetate (7.5 M) and cooled on ice for 10 min. The contents were extracted with a phenol-chloroform mixture (1:1) and centrifuged at 13,000 x g for 10 min. A further extraction was performed with chloroform-isoamyl alcohol (24:1). DNA was precipitated by adding cold isopropanol, washed with 70% ethanol, air dried, and suspended in sterile water. The DNA was quantified spectrophotometrically (A260), and its purity was checked by 0.7% agarose gel electrophoresis.
Oligonucleotide primers used for the PCR were designed from characteristic sequences within the 16S rRNA of A. otitis (1) after comparison of sequence data with those of known low-G+C-content, gram-positive organisms. Three antisense primers (designated Aol, Ao2, and Ao6) and one sense primer (Aoll) ( Table 2) were synthesized on a 391 DNA synthesizer (PCR-MATE; Applied Biosystems, Warrington, United Kingdom) and purified by using oligonucleotide purification cartridges (Glen Research, Sterling, United Kingdom). Two universal primers derived from highly conserved areas of the 16S rRNA molecule (5' GAGAGTITGATCCTGGCTCAGGA [8 to Transfer of the DNA fragments to a nylon membrane (Hybond-N+; Amersham International) by capillary blotting (11) was allowed to proceed for 2 h. The membrane was alkali fixed (0.4 M NaOH) for 20 min, rinsed in 5 x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M sodium citrate), and stored at 4°C in Saran Wrap (Genetic Research Instrumentation, Dunmow, United Kingdom). The probe was labelled with fluorescein by using the ECL 3'-oligotailing system (Amersham International) and hybridized to the target DNA at 42°C for 2 h in 5x SSC-0.1% buffer component-0.5% blocking agent (Amersham International)-0.02% SDS. Stringency was controlled by washing the membrane twice in 5 x SSC-0.1% SDS (5 min each time) at room temperature and in lx SSC-0.1% SDS (15 min) at 50°C. After hybridization, the probe was detected by using an anti-fluorescein horseradish peroxidase conjugate in accordance with manufacturer instructions.
The 16S rRNA sequence of A. otitis was aligned and compared with those of other published gram-positive bacteria belonging to the low-G+C clostridium branch. Three highly variable regions (Vl, V2, and V6; see reference 7 for nomenclature) of potential diagnostic value were selected for primer design. Primer Aol was derived from region Vl, primer Ao2 was from V2, and primer Aoll was from V6. The primers were used in two combinations, Aol-Aoll and Ao2-Aoll, for PCR with purified DNA from A. otitis. Both combinations amplified the target DNAs successfully, generating in each case the expected-size fragments (ca. 900 and 800 bp, respectively). With primer combination Aol-Aoll, the sensitivity of the PCR-probe system was such that 0.1 pg of DNA could be detected, a sensitivity approximately 10-fold higher than that of primer combination Ao2-Aoll.
Before the specificity of the system was tested, DNAs from three A. otitis and 58 reference strains were run in the PCR with the two universal 16S primers. Generation of a ca. 900-bp fragment in all cases (Fig. la) indicated that the target DNAs were of good quality and inhibition of PCR could be ruled out.
Both combinations of primers (Aol-Aoll and Ao2-Aoll) were used in cross-reactivity studies with DNAs from gemellae, staphylococci, streptococci, aerococci, and other low-G+C-content taxa (Table 1 ; Fig. 2a and 3a) . DNAs from these reference strains failed to amplify, while those of A. otitis strains produced intense bands of the expected sizes. Thus, both primer combinations were found to be highly specific for amplification of A. otitis rDNA genes. Although no cross-hybridization was observed, two highly specific probes were utilized as the basis of a confirmatory hybridization test. Primer Ao2 was employed as a probe on Southern blots of PCR fragments generated from primer combination Aol-Aoll and from the universal primer pair, whereas a specific hybridization probe (Ao6; Table 2 ) was designed from variable region V3 for use with primer pair Ao2-Aoll PCR products. Confirmatory Southern blot hybridizations using these internal probes are shown in Fig. lb,  2b , and 3b. PCR products of theA. otitis strains gave intense positive reactions with both internal probes. By contrast, PCR fragments generated from amplification of reference strain DNA by using universal 16S rRNA primers (Fig. 1 ) failed to hybridize with probe Ao2. VOL. 30, 1992 on October 28, 2017 by guest http://jcm.asm.org/
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In the present study, we developed a test for specific identification of A. otitis (1) . The test is based on speciesspecific PCR amplification of unique stretches of the genes that code for rRNA, which are subsequently detected by simple gel electrophoresis. Faden and Dryja (4) suggested that the slow growth of A. otitis may have hindered its recognition as a causative agent of chronic otitis media in children. The method described here should provide a rapid and precise means for identification of this newly recognized human middle ear pathogen. Therefore, studies should be directed towards adapting the PCR system described here for detection ofA. otitis in clinical samples, thereby avoiding the need for isolation and cultivation of this fastidious bacterium.
